Studies on feeding ecology of fishes are important to understand the relationship between species and environmental seasonal variations. In tropical rivers, these relationships are mainly modeled by hydrological patterns. Thereby, this study aimed to assess the influence of fluviometric variation and life stage (juveniles and adults) in the feeding ecology of Serrasalmus gouldingi in the lower Anapu River region, located in Eastern Amazon, Pará, Brazil. Specimens were collected bimonthly, considering four different hydrological periods. We assessed the diet composition, feeding intensity and niche breadth of the species. Thirty-two dietary items were identified and grouped into ten categories. A total of 279 stomachs were analyzed, showing a predominance of fish fragments, followed by fruits and seeds. The diet composition of S. gouldingi differed only between drought and flood season, although it did not differ between juveniles and adults. An increase in feeding intensity was recorded during the rise in the water level, with a lower feeding intensity observed during transitional season. Serrasalmus gouldingi showed lower niche breadth during flood season, attributed to the high consumption of fruits and seeds, presenting an omnivorous diet with high tendency towards piscivory. Although less evident than in other Amazon watersheds, the flood pulse in the lower Anapu River region is an important factor influencing the feeding ecology of the species. KEYWORDS: Amazon basin, diet, flood pulse, niche breadth, repletion index.
INTRODUCTION
Studies on the feeding ecology of fishes have been an important tool to understand ecological patterns such as habitat preference and fish-habitat interactions, which are frequently related to environmental variations and with resource availability and accessibility (Braga et al. 2012; Correa and Winemiller 2014) . In tropical rivers, flood pulse has a major influence on feeding ecology of fishes, resulting in changes in foraging areas and food availability (Junk et al. 1989; Luz-Agostinho et al. 2008; Mortillaro et al. 2015) .
Changes in the diet of fishes may result either from variations in food availability or from ontogenetic variations. In different life stages, some reproductive aspects cause physiological limitation, once adult individuals require powerful energetic resources for sexual maturation (Scarnecchia et al. 2007; Ballesteros et al. 2009 ). Morphological differences in adults and juveniles may also affect diet, due to development degree of dentition and swimming ability of individuals.
Studies on trophic ecology of Serrasalmus revealed that despite its morphological adaptations to a piscivorous diet (Machado-Allison and Garcia 1986), plant fragments, fruits and seeds have been found in different proportions (Trindade and Juca-Chagas 2008; Horn et al. 2011; Ferreira et al. 2014) . According to literature, the consumption of fruits or seeds may occur accidentally, or in response to their availability for a specific period, or even as a strategy to maximize energetic gain during flood seasons (Behr and Signor 2008; Correa and Winemiller 2014) . However, little information is available on the feeding behavior of Serrasalmus, hampering any conclusive understanding of processes that lead to the ingestion of these items as well as their importance in the diet of this species (Sazima and Machado 1990) .
In the Amazon basin, the high spatial dimension and structural complexity result in regions with different geomorphology, river flow intensity and precipitation rates, causing different intensities of flood pulse (Junk and Furch 1993) . In this sense, hydrographic peculiarities of the region of lower Anapu River stand out due to the natural damming of its rivers and streams, influenced both by tides and by the outflow of Anapu River, resulting in a reduced annual flood pulse (Behling and Costa 2000) . In this region, Serrasalmus gouldingi is among the most abundant fish species, representing 67% of subsistence fishing, along with other species of piranhas (Montag et al. 2009a ). This species occurs throughout the Amazonas and Orinoco River basins and is a typical black water and lentic environments dweller (Fink and Machado-Allison 1992) . Considering the reduced flood pulse of the region, we expect that variation in diet composition of S. gouldingi would be lower between distinct hydrological periods than between different life stages, with juveniles and adults showing a different variation pattern in feeding intensity and niche breadth. Therefore, this study aimed to assess the influence of fluviometric variation and life stage (juveniles and adults) in the feeding ecology of S. gouldingi in the lower Anapu River region, located in Eastern Amazon, Pará, Brazil.
MATERIALS AND METHODS

Study area
This study was conducted in the rivers of the region of the lower Anapu River in Caxiuanã National Forest (1°45′27.5″ S, 51°27′33.2″ W), located in the Xingu-Tocantins interfluvium, Pará state, eastern Brazilian Amazon (Figure 1 ). The climate is tropical subtype "Am", hot and humid, according to Köppen classification, with a short drought season between August and November and annual mean precipitation of 2,020 mm (Moraes et al. 2009 ).
Located in the Amazon lowland plain, the study area is characterized as a "ria lake", formed by the flooding of the river valley due to aggradation processes that occurred during the Holocene (Hida et al. 1999) . This geological event resulted in the natural damming of the basin and the loss of its floodplains, forming a typical "drowned river" landscape, with a constant relationship between marginal forest and aquatic ecosystem (Behling and Costa 2000) .
Rivers in this region are typical black water habitats, characterized by relatively subtle fluviometric fluctuations, which rarely exceed 1 m (Hida et al. 1999) . These rivers are influenced by tides and the discharge of the Anapu River, which combined result in a greatly reduced annual flood pulse (Behling and Costa 2000) . Nonetheless, it is possible to observe four distinct hydrological periods -receding water (June-August), drought (September-November), rising water (December-February), and flood (March-May). These hydrologic periods were previously defined by Freitas et al. (2011) that investigated the effect of fluviometric variation in the feeding ecology of catfish Auchenipterichthys longimanus in the same region of the present study. Fink and MachadoAllison 1992 (Serrasalmidae) were collected bimonthly from July, 2010 to May, 2011. Each field expedition consisted of five-day samplings using two sets of gillnets, 100 m long and approximately 1.5 m in height, with mesh ranging from 3 to 12 cm between opposite knots. Gillnets were set along the study area forming 45 degrees with the river bank in places with depth range up to 3 m, always between 04:00 am and 08:00 am and between 4:00 pm and 8:00 pm, totalizing 180 sampling points.
Data collection and analysis
Specimens of Serrasalmus gouldingi
Immediately after capture, the fishes were fixed in 10% formalin solution until dissection. Sampling of specimens ACTA AMAZONICA Feeding ecology of Serrasalmus gouldingi (Characiformes: Serrasalmidae) in the lower Anapu River region, Eastern Amazon, Brazil was conducted using license number 25060-1 granted by the Biodiversity Authorization and Information System -SISBIO. The fluviometric variation was obtained from fluviometric stations of the National Agency of Water (ANA) located in the low Anapu River region.
At the laboratory, specimens were weighted (total mass in grams -M T ), measured (total length in centimeters -L T ,) and gutted, for the removal of stomach. Stomachs were fixed in 4% formalin solution for 24 hours, and then stored in 70% ethanol for subsequent content analysis. Information about the life stages of specimens was obtained based on mean size at first maturity, which was 12.24 cm for males and 16.13 cm for females, according to Prudente et al. (2015) . Adults specimens were defined as having a total length greater than values mentioned above, while juveniles specimens would have an inferior total length.
Voucher specimens were fixed in 10% formalin solution for 48 hours, stored in 70% alcohol, and deposited in the ichthyological collection of Museu Paraense Emílio Goeldi (MPEG, Belém, Brazil) under catalog numbers MPEG18935-18940, MPEG18942-18943, MPEG18949, MPEG19186-19189, MPEG19199, MPEG19299, MPEG19301-19306, MPEG19310-19315, MPEG22923-22933, MPEG22939-22968. Stomach contents were analyzed under stereomicroscope (Stemi DV4 -32x, Zeiss, Jena, Germany) and dietary items were identified to the lowest taxonomic level possible (Costa et al. 2006) . Dietary items were weighed on a balance with 0.00001 g precision (AUW 220D, Shimadzu, Philippines) and the frequency of occurrence, FO i % (Hyslop 1980 ) and relative mass, M i % (Hynes 1950) were determined. These measures were combined to obtain the Alimentary Index (Kawakami and Vazzoler 1980) , which is given by: AIi = (FOi% * Mi%/ Σ FOi% * Mi%)*100, where AI i % = importance index of item i, FO i % = frequency of occurrence of item i, and M i % = total mass of item i. 
AMAZONICA
To assess the diet variation in S. gouldingi in relation to the hydrological periods and between juveniles and adults, dietary items were grouped in 10 categories: allochthonous arthropods, mammal fragments, autochthonous insects, crustaceans, fish fragments, fragments of fruits and seeds, other plant fragments (non-reproductive parts), algae, arthropod fragments (unknown origin) and inorganic material (unknown origin). The values of alimentary index for each dietary category were log-transformed to obtain a similarity matrix (Bray-Curtis) and submitted to a nonmetric multidimensional scaling analysis (nMDS). This analysis assessed the distortion or stress between the similarity matrix and the clustering pattern revealed in the graphic representation, providing a reliability measure of the analysis for results interpretation (Clarke and Warwick 2001) .
A Permutational Multivariate Analysis of Variance (PERMANOVA -Anderson 2001) was performed to test the null hypothesis that diet composition does not differ between hydrological periods and between juveniles and adults. This analysis was followed by a similarity percentage analysis (SIMPER) used to determine which diet category was most responsible for diet similarity within each hydrological periods and life stage (juveniles and adults). These analyses were performed using PRIMERv6.1.11® (Clarke and Gorley 2006) with PERMANOVA+1.0.3. add -on package (Anderson et al. 2008) . The significance of multivariate dispersion generated by PERMANOVA was assessed using a Monte Carlo test with 10,000 permutations, followed by a post hoc pair wise comparison between hydrological seasons.
Feeding intensity was assessed through the Repletion Index (RI%), based on the equation:
, where M S = total stomach mass (sum of the weight of different items), and M T = total specimen mass (Zavala-Camin 1996) .
To test the RI% variation among hydrological periods and in juveniles and adults, a Kruskal-Wallis test was used, complemented by a posteriori test (Zar 1999 ) using the software Statistica 8.0 (Statsoft Inc., 2007) . A significance level of 0.05 was considered, excluding outliers.
Finally, the relative level of specialization of S. gouldingi diet was estimated using the standardized Levins' index, adapted by Hurlbert (1978) , given by:
, where Ba = niche breadth, Pij = proportion of item j in the diet of species i, and n = total number of items.
This index ranges from zero (when the species consumes only one type of item) to one (when the species consumes all items in equal proportions) and was calculated using the software Microsoft Office Excel® 2010. This variation was qualitatively assessed in relation to the seasonal fluctuations in water levels.
RESULTS
A total of 279 stomachs were analyzed; 170 from adults and 109 from juveniles. Regarding hydrological periods, 52 stomachs were sampled during receding water season (26 juveniles and 26 adults), 80 during drought season (25, 55), 64 during rising water season (30, 34) and 83 during flood season (28, 55). Species diet was composed of 32 items, of which 53.12% derived from autochthonous sources, 37.50% from allochthonous sources and 9.38% were of unknown origin. Considering the entire set of dietary categories, the diet of S. gouldingi was composed primarily by fish fragments (AI i % = 63.71%), followed by fruits and seeds (AI i % = 29.14%) and by allochthonous arthropods (AI i % = 3.66%), with all other items (fragments of mammals, autochthonous insects, crustaceans, non-reproductive plant parts, algae, fragments of arthropods [unknown origin] and inorganic material [unknown origin]) returning AIi% values lower than 2% (Table 1) .
Despite the fragmentation and digestion degree of fish fragments, the predominance of fishes from the order Characiformes was confirmed, followed by Siluriformes, Synbranchiformes and Gymnotiformes. Fruits and seeds were the second most important item overall (AI i % = 29.14%), and the most important item during flood season (AI i % = 81.05% in March). In the case of allochthonous arthropods, there was a predominance of Isoptera (AI i % = 0.78%), which was more important during flood season, followed by insect fragments (AI i % = 0.42%) ( Table 1) .
The nMDS analysis indicated a distinct diet during flood season in relation to other hydrological periods ( Figure 2A) , with no evident distinction between juveniles and adults. The PERMANOVA results showed that diet composition was not different between juveniles and adults ( pseudo F= 0.92, p = 0.44); however, they indicated that S. gouldingi had significantly different diets between hydrological periods ( pseudo F = 2.54, p = 0.02). Pairwise tests found a significantly difference in diet between drought and flood season (t = 1.98, p = 0.03), with no difference between the following seasons: receding water and drought season (t = 1.56, p = 0.11); receding water and rising water season (t = 1.80, p = 0.16); receding water and flood season (t = 1,53, p = 0.14); rising water and drought season (t = 1, p = 0.41) and rising water and flood season (t = 1.32, p = 0.23).
According to SIMPER analysis, the average diet similarity was 74.13% during drought season, where fish fragment contributed with 64.33% of the species diet, followed by fragments of fruits and seeds (11.97%) and arthropod fragments (10.40%). During the flood season ACTA AMAZONICA the diet showed an average similarity of 64.65% where fish fragments accounted for 44.87% of the species diet followed by fragments of fruits and seeds (39.92%) and arthropod fragments (7.55%) (Figure 2 B-D) . In terms of feeding intensity, an increase in the repletion index was recorded during the rise in the water level (Figure 3 ). Among juveniles, this variation was less evident (H (5, 98) = 15.18, p = 0.009) ( Figure 3A ) with the feeding intensity observed during the flood season (RI% = 0.50 ±0.61, Mean±SD) differing only from the rising water season(RI% = 0.08 ±0.46) (z' = 3.14, p = 0.025). In adults specimens, a remarkable feeding intensity was observed (H In the present study, S. gouldingi showed high feeding specificity, indicated by lower values of niche breadth (B a < 0.07) (Figure 4) , that in turn, varied between different hydrological periods. Adults showed higher feeding specificity during early flood season (B a = 0.01), predominantly consuming fruits and seeds (AI i % = 87.98%). A slightly more generalist diet was observed both during the late flood season (B a = 0.06) and rising water season (B a = 0.07), where it was mainly composed by fruits and seeds (AI i % = 49.04% in May and 8.58% in January), fish fragments (AI i % = 89.71% in May and 30.05% in January) and allochthonous arthropods (AI i % = 20.13% in May and only 0.07% in January).
On the other hand, juveniles specimens showed lower niche breadth during drought and early rising water season (both with B a = 0.03), with predominance of fish fragments (AI i % = 90.11% in November and 90.99% in January) (Figure 4, Table 1 ). During receding water season, the diet was slightly more generalist (B a = 0.06), with an increase in consumption of autochthonous insects (AI i % = 14.26%) 
DISCUSSION
Fish fragments were the most frequent category found in the stomach content of S. gouldingi throughout the study period. Fruits and seeds were the second more frequent category, being remarkably important during flood season. Thereby, populations of S. gouldingi may be characterized as omnivorous, with a strong tendency towards piscivory. This corroborates other studies involving piranhas from the same genus in different watersheds (Leão et al. 1991; Agostinho et al. 2003; Piorski et al. 2005) . As observed in S. gouldingi, high consumption of Characiformes fishes has been recorded for other piscivorous fish species of tropical regions, and is probably related to the high specific diversity of the group (Bozza and Hahn 2010; Santos et al. 2014) , which is also abundant in the lower Anapu River (Montag et al. 2009b ).
The presence of plant materials in the diet of S. gouldingi corroborates studies involving other species of the genus, where the presence of this item was considered as an accidental ingestion due to the animal´s foraging habit, seeking for prey in marginal vegetation or in areas with higher concentrations of aquatic macrophytes (Nico and Taphorn 1988; Carvalho et al. 2007; Ferreira et al. 2014) . On the other hand, the consumption of such items may represent an energy-maximizing strategy, given these resources are especially abundant in some periods of the year, facilitating their consumption (Correa et al. 2007; Barbosa et al. 2015) . Fruits and seeds contain large fractions of carbohydrates and are rich in fats and proteins, providing an important resource for the reproductive process of some fish species (Goulding 1980; Correa et al. 2007) .
From an evolutionary perspective, a frugivorous diet has been thought as a characteristic derived from an originally omnivorous diet, that became more specialized due to nutritional advantages of a seasonally abundant resource (Correa et al. 2007) . Phylogenetic interactions based on the presence or absence of plant materials in the diet of serrasalmids are consistent with morphological variations, such as dentition and buccal apparatus, associated to dietary specializations (Correa et al. 2007) . However, such proposition still considers species of the genus Serrasalmus as exclusively piscivorous, contradicting our results.
Whereas the diet of fishes represents the interaction between preferences, availability and accessibility of items in the environment (Correa and Winemiller 2014; Mortillaro et al. 2015) , this study considers that fruits and seeds ingestion by S. gouldingi is not accidental, but rather a response to increased availability of this resource during flood season. During this season, a large amount of fruits produced by floodplain trees fall into the water and are ingested or dispersed by many different fish species (Claro-Jr et al. 2004; Ferreira and Parolin 2007; Freitas et al. 2011) . Therefore, our results are consistent with the results of other studies carried out in Amazonia involving Serrasalmus, in the upper Madeira River (Goulding 1980) and in the lower Negro River (Leão et al. 1991) , where a higher amount of fruits and seeds was consumed during flood season. However, the importance of fruits and seeds in S. gouldingi diet may be better understood using stable isotopes, which might confirm how much of the available energy in fruits and seeds has been assimilated by the species (Post 2002; Mortillaro et al. 2015) .
Differences in diet composition of S. gouldingi, between hydrological periods, combined with the increase in feeding activity during flood season, indicate that hydrologic variation is an important determining factor in qualitative and quantitative characteristics of the feeding ecology of this species. This was also demonstrated by studies on many tropical fishes living in habitats influenced by flood pulses (Winemiller 2005; Freitas et al. 2011; Correa and Winemiller 2014) . During high water season, the flooding of adjacent areas not only contributes to nutrients input into the aquatic ecosystem (such as terrestrial invertebrates, fruits and seeds), but also allows for the exploitation of available resources in these areas (Junk et al. 1989; Winemiller 2005) .
Juveniles and adults of S. gouldingi presented similar diet composition, rejecting the previous hypothesis that physiological and morphological differences resulting from life stages, could affect the feeding ecology of fishes (Scarnecchia et al. 2007; Ballesteros et al. 2009 ). Although ontogenetic variations have been evidenced in the diet of Serrasalmus species (Machado-Allison and Garcia 1986; Almeida et al. 1998) , they have been closely related to the morphological limitations found in smaller individuals, preventing them to use the same resources consumed by adults (Machado-Allison and Garcia 1986). According to Almeida et al. (1998) , predatory activities of S. marginatus start in individuals with four cm standard length. However, the present study did not record individuals measuring less than nine centimeters of total length, which precluded the assessment of the effects of morphological variation on diet composition of S. gouldingi.
Differences in feeding intensity between hydrological periods reinforce the hypothesis that part of the variation observed in fish diet is related to seasonality of resource availability, since increased river level provides an increment of resources in flood plains, which are frequently used by the species (Junk et al. 1989; Correa and Winemiller 2014; Mortillaro et al. 2015) .
Niche breadth is an important complementary parameter for the analysis of fish diets, especially because it provides insights about variations in the specificity of the diet over a given period. The reduced niche breadth here observed, is similar to a number of previous studies on predominantly piscivorous fishes, such as those from the floodplains of the upper Paraná River, in Brazil (Bozza and Hahn 2010) .
In many piscivorous fishes, the presence of a specialized diet may be related to morphological adaptations that favor the consumption of a certain item, prey availability in the environment or even to the marked abundance of a given resource during a specific period (Crowder and Cooper 1982; Novakowski et al. 2008) . In this study, the reduction of niche breadth in adult specimens during flood season, with an increase in niche breadth of juveniles over the same season, suggests a possible change in habitat use throughout the development of species. Several behavioral characteristics of piranhas of the genus Serrasalmus, such as seasonal migration patterns (Sazima and Machado 1990; Winemiller and Jepsen, 1998) and the use of floodplain vegetation for nest construction during spawning period (Géry 1977; Honorato-Sampaio et al. 2009 ), may contribute to this variation in habitat use.
Studies on niche breadth of piscivorous fish species have found widely divergent patterns. Some studies have evidence a more generalist diet during flood season (Luz- Agostinho et al. 2008; Corrêa et al. 2011) , while others observed specialized diets during the same season (Sá-Oliveira et al. 2014) . Our results reinforce the hypothesis that there is no universal pattern in the exploitation of resources, but rather a variety of behavioral strategies related to the environmental characteristics of each system (Novakowski et al. 2008 ).
CONCLUSION
Our results indicate that the S. gouldingi population in the lower Anapu river region can be characterized as omnivorous with a strong tendency towards piscivory. Changes in feeding ecology of the species were not related with individuals' life stage, once juveniles and adults showed similar diet composition and feeding intensity. In addition, flood pulse is still an important factor influencing the feeding ecology of this piranha species, although it is less evident than in most watersheds of the Amazon region. This influence should be taken into account in future conservation and management plans concerning aquatic ecosystems of this region and its fish communities.
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